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Description 

TECHNICAL FIELD 

The present Invention is directed to a dis- 
charge lamp driving circuit, and more particularly to 
a circuit for operating a high-pressure gaseous 
discharge lamp without causing a harmful acoustic 
resonance. 

BACKGROUND ART 

There has been a growing demand for a dis- 
charge lamp operating circuit which is operated at 
a higher frequency in order to reduce the weight 
and bulk of the ballasting inductor. On the other 
hand, it is also known that discharge lamps, par- 
ticularly high-pressure discharge lamps such as 
mercury high pressure lamps and sodium vapor 
lamps suffer from unstable discharge arcs que to 
"acoustic resonance" when operated at certain 
high frequencies. U.S. Pat. No. 4,291,254 with cor- 
respondence GB-A-2,045,554, proposed to select a 
stable frequency for avoiding such "acoustic reso- 
nance". However, such stable frequency is seen 
only in a limited range and differs from different 
kinds of lamps, thus reducing the flexibility of cir- 
cuit design. Further, it is known that an extreme 
high frequency drive, for example, over 100 KHz 
may be effective for elimination of the "acoustic 
resonance", but this eventually results in consider- 
able switching losses and noises which are not 
acceptable for the lamp operation. To this end, 
there has been proposed in Japanese Patent Pub- 
lication (KOKAI) No. 60-262392 to drive the lamp 
by a composite lamp driving current having a re- 
peating cycle of an alternating current interrupted 
by a dc current. This patent is based upon the 
finding that the repetitive interruption of the al- 
ternating current by the dc current can restrain the 
occurrence of the "acoustic resonance", even the 
alternating current is in a frequency range which 
would otherwise cause the "acoustic resonance". 
In this sense, this patent is advantageous in select- 
ing a lamp drive frequency without having to con- 
sider the "acoustic resonance". Notwithstanding 
this advantage, the patent has a certain drawback 
in that two independent switching circuits, i.e., 
chopper and inverter circuits, are required for pro- 
viding the dc current and the alternating current, 
respectively. This requires duplication of switching 
elements with consequent complexity in incorporat- 
ing the respective drivers in circuits for the du- 
plicated switching elements, thus eventually result- 
ing in increased cost and bulk of the physical 
circuit assembly. 



DISCLOSURE OF THE INVENTION 

The present invention eliminates the above 
problem by commonly utilizing at least one switch- 

5 ing element for chopper and inverter switching 
circuits and provides an improved discharge lamp 
driving circuit with simplified circuit arrangement. 

It is therefore a primary object of the present 
invention to provide an improved discharge lamp 

70 driving circuit which is simple in configuration, yet 
preventing the acoustic resonance as well as as- 
suring to make compact the physical arrangement 
of the circuit. 

An improved discharge lamp driving circuit in 

75 accordance with the present invention comprises a 
dc (direct current) voltage source, chopper means, 
and inverter means. The chopper means comprises 
a first switching circuit which is coupled to the dc 
voltage source to provide therefrom a periodically 

20 interrupted current and smooth the same for pro- 
ducing a smoothed dc current.The inverter means 
comprises a second switching circuit which is also 
coupled to the dc voltage source for producing 
therefrom a high frequency alternating current. In- 

25 eluded in the circuit is control means which is 
connected to the chopper means and the inverter 
means in order to apply to the discharge lamp a 
repeating cycle of a composite lamp driving current 
composed of the high frequency alternating current 

30 supplied from the inverter means and is interrupted 
by the smoothed dc current supplied from the 
chopper means. 

A characterizing feature of the present inven- 
tion resides in that the first and second switching 

35 circuits of the chopper and inverter means are 
arranged to have at least one common switching 
element which operates both in producing the dc 
current and the high frequency alternating current. 
With this result, the circuit configuration can be 

40 considerably simplified with consequent reduction 
in cost and bulk of the device. 

In a preferred embodiment, the chopper means 
is configured in a bridge arrangement to apply to 
the discharge lamp the smoothed dc current which 

45 is reversed in polarity from one cycle to the subse- 
quent cycle of the composite lamp driving current. 
Thus, the deterioration of lamp electrodes can be 
reduced to a minimum, thereby giving rise to an 
enhanced life time of the discharge lamp. 

so The lamp driving circuit of the present inven- 

tion can be broadly classified into two types with 
and without a transformer which operates to apply 
the high frequency alternating current to the dis- 
charge lamp. In the former type, the first switching 

55 circuit of the chopper means comprises at least 
one switching element common to the second 
switching circuit of the inverter means. The com- 
mon switching element is coupled in series circuit 
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with an inductor and a parallel combination of the 
discharge lamp and a bypass capacitor of which 
series circuit is connected across the dc voltage 
source. During a first period of time, the common 
switching element is controlled to turn on and off at 5 
a first high frequency to produce the interrupted 
current which is smoothed by the first inductor and 
of which high frequency component is bypassed 
through the bypass capacitor for giving the 
smoothed dc current to the discharge lamp within jo 
each cycle of the composite lamp driving current. 
The second switching circuit of the inverter means 
comprises a pair of first and second switching 
elements at least one of which is common to the 
first switching circuit of the chopper means. The is 
first and second switching elements are connected 
in series across the dc voltage and is connected in 
circuit with a dc blocking capacitor and the trans- 
former with a primary winding and a secondary 
winding which is inserted in series relation with the 20 
discharge lamp and in parallel relation with the 
bypass capacitor. The blocking capacitor is con- 
nected in series with the primary winding of the 
transformer and in parallel with one of the first and 
second switching elements to form therewith a 25 
series oscillating circuit. During a second period of 
time alternating with the above first period of time, 
the first and second switching elements are con- 
trolled to alternately turn on and off at a second 
frequency to provide a high frequency alternating 30 
current in the series oscillating circuit as repeating 
to charge and discharge the dc blocking capacitor, 
whereby inducing the corresponding high frequen- 
cy alternating current in the circuit of the secon- 
dary winding and the discharge lamp to drive the 35 
discharge lamp by such high frequency alternating 
current within each cycle of the composite lamp 
driving current. 

In the other type of the circuit without the 
transformer, the first and second switching circuits 40 
of the chopper and inverter means commonly in- 
cludes a pair of first and second switching ele- 
ments arranged in a half- or full-bridge configura- 
tion with a pair of capacitors or with a pair of like 
switching elements.The bridge has its input ends 45 
connected across the dc voltage source and has its 
output ends connected across a series circuit com- 
posed of an inductor and a parallel combination of 
the discharge lamp and a bypass capacitor. During 
a first period of time, one of the first and second 50 
switching elements is controlled to turn on and off 
at a first frequency with the other switching ele- 
ment being kept turned off to provide a dc current 
which is smoothed by the inductor and is removed 
of its high frequency component by the bypass 55 
capacitor for feeding the smoothed dc current to 
the discharge lamp within each cycle of the com- 
posite lamp driving current. During a second period 



of time alternating with the first period of time, the 
first and second switching elements are controlled 
to alternately turned on and off at a second high 
frequency in such a manner as to provide to the 
discharge lamp said high frequency alternating cur- 
rent within each cycle of said composite lamp 
driving currentThe second high frequency is deter- 
mined to be lower than the first high frequency to 
such an extent that the second high frequency 
alternating current is supplied to the discharge 
lamp within each cycle of the composite lamp 
driving current while allowing the second high fre- 
quency component to be substantially fed to the 
discharge lamp without being bypassed through 
the bypass capacitor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a discharge 
lamp driving circuit illustrating one basic version 
in accordance with the principle of the present 
invention; 

FIG. 2 is a waveform chart illustrating a compos- 
ite lamp driving current in a conceptual form 
obtained in the present invention; 
FIG. 3 is a circuit diagram of a discharge lamp 
driving circuit in accordance with a first embodi- 
ment of the present invention; 
FIG. 4 is a timing diagram of waveforms illustrat- 
ing the operation of the two switching transistors 
shown in FIG. 3; 

FIG. 5 is a waveform chart illustrating a compos- 
ite lamp driving current in a conceptual form 
obtained in the circuit of FIG. 3; 
FIG. 6 is a circuit diagram of a modification of 
FIG. 3; 

FIG. 7 is a circuit diagram of a second embodi- 
ment of the present invention; 
FIG. 8 is a timing diagram of waveforms illustrat- 
ing the operation of the four switching transistors 
shown in FIG. 7 

FIG. 9 is a timing diagram of waveforms illustrat- 
ing another operation of the four switching tran- 
sistors shown in FIG. 7 in accordance with a 
modification of the second embodiment; 
FIG. 10 is a waveform chart illustrating a lamp 
driving current in a conceptual form obtained by 
the switching operation of FIG. 9; 
FIG. 1 1 is a circuit diagram of a third embodi- 
ment of the present invention; 
FIG. 12 is a timing diagram of waveforms illus- 
trating the operation of the four switching tran- 
sistors shown in FIG. 1 1 ; 

FIG. 13 is a timing diagram of waveforms illus- 
trating another operation of the four switching 
transistors shown in FIG. 11 in accordance with 
a modification of the third embodiment; 
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FIG. 14 is a circuit diagram of a fourth embodi- 
ment of the present invention; 
FIG. 15 is a timing diagram of waveforms illus- 
trating the operation of the two switching transis- 
tors shown in FIG. 14; 

FIG. 16 is a waveform chart illustrating a com- 
posite lamp driving current in a conceptual form 
obtained by the switching operation of FIG. 15; 
FIG. 17 is a circuit diagram of a fifth embodi- 
ment of the present invention; 
FIG. 18 is a timing diagram of waveforms illus- 
trating the operation of the three switching tran- 
sistors shown in FIG. 17; 

FIG. 19 is a circuit diagram of a sixth embodi- 
ment of the present invention; 
FIG. 20 is a timing diagram of waveforms illus- 
trating the operation of the two switching transis- 
tors shown in FIG. 19; 

FIG. 21 is a circuit diagram of a seventh em- 
bodiment of the present invention; 
FIG. 22 is a circuit diagram of an eighth embodi- 
ment of the present invention; 
FIG. 23 is a timing diagram of waveforms illus- 
trating the operation of the two switching transis- 
tors shown in FIG. 22; 

FIG. 24 is a circuit diagram of a ninth embodi- 
ment of the present invention; 
FIG. 25 is a circuit diagram of a tenth embodi- 
ment of the present invention; 
FIG. 26 is a timing diagram of waveforms illus- 
trating the operation of the four switching tran- 
sistors shown in FIG. 25; and 
FIG. 27 is a timing diagram of waveforms illus- 
trating another operation of the four switching 
transistors shown in FIG. 25 in accordance with 
a modification of the tenth embodiment. 

MODES FOR CARRYING OUT THE INVENTION 

Referring now to FIG. 1, one version of a 
discharge lamp driving circuit in accordance with 
the present invention is shown in a general form for 
easy understanding of the principle of the present 
invention. The circuit comprises a switching section 
1 which is connected across a dc voltage source 
Vi and includes at least two switching elements or 
transistors collectively indicated in FIG. 1 as S. The 
switching section 1 has a first pair of output ends 
1a and 1b between which is connected a series 
circuit of an inductor Li and a parallel combination 
of a discharge lamp 10 and a bypass capacitor Ci. 
Also provided at the switching section 1 is a sec- 
ond pair of output ends 1c and 1d between which 
is connected a circuit of a dc blocking capacitor C2 
and a transformer T with a primary winding U21 and 
a secondary winging U 2 . The secondary winging 
L22 is coupled in series with the discharge lamp 10 
in parallel relation with the bypass capacitor Ci. 



The switching section 1 is controlled, during a first 
period of time Toe (ti - fc), to repetitively interrupt 
the dc voltage at a first high frequency for provid- 
ing a chopped voltage between the first pair of 

5 output ends 1a and 1b. The chopped voltage is 
then smoothed by the inductor Li and has its high 
frequency component bypassed through the by- 
pass capacitor Ci to thereby feed a smoothed dc 
current loc to the discharge lamp 10 during the first 

jo period Toe. as shown in FIG. 2 which shows a 
composite lamp driving current la in a conceptual 
waveform. During a second period of time T H f (k - 
ta) alternating with the first period of time T HF . the 
switching section 1 is controlled to repetitively in- 

15 terrupt the dc voltage at a second high frequency 
in order to repeat producing a voltage between 
output ends 1c and 1d and shorting the same. 
While the positive voltage is developed across the 
output ends 1c and 1d, the voltage is applied 

20 through the dc blocking capacitor O2 to the primary 
winding L*i of the transformer T so as to flow a 
current in one direction in the primary winding L21 
as charging the blocking capacitor C2. Upon sub- 
sequent shorting between the output ends 1c and 

25 1d, the blocking capacitor G2 discharges to feed an 
opposite current through the primary winding L21. 
Consequently, the above repetition of developing 
the voltage and shorting between the output ends 
1c and 1d will induce an alternating current with 

30 the second high frequency at the secondary wind- 
ing Uz2 of the transformer T such that the resulting 
high frequency alternating current is caused to 
circulate through the closed loop of the lamp 10 
and the bypass capacitor Ci as it is blocked by the 

35 inductor Li , whereby providing to the lamp the high 
frequency alternating current Iac during the second 
period of time T H f. as shown in FIG. 2. In this 
manner, the switching section 1 provides a re- 
peated cycle of a composite lamp driving current 

40 composed of the high frequency alternating current 
Iac interrupted by the dc current Idc- With this 
result, the lamp 10 can be kept free from causing 
an acoustic resonance or instable lamp operation 
even if the alternating current has a high frequency 

45 which might cause such acoustic resonance when 
utilized alone. The second frequency of the al- 
ternating lamp current may be suitably selected to 
be equal to or different from the first frequency at 
which the switching section 1 is operated to chop 

50 the dc voltage. With the circuit arrangement of FIG. 
1, it is possible to share at least one switching 
element in the switching section 1 which operates 
both in a chopper mode for providing the dc cur- 
rent Idc and in an inverter mode of providing the 

55 high frequency alternating current Iac- K is also 
noted in this connection that other components can 
be commonly and effectively utilized in the above 
two different operation modes. For example, the 
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bypass capacitor Ci , which acts to bypass the high 
frequency component of the dc current in the 
chopper mode, serves to complete the closed loop 
with the secondary winging L22 and the discharge 
lamp 10 to effectively apply to the discharge lamp 5 
10 the alternating voltage developed at the secon* 
dary winding U 2 in the inverter mode. Also the 
inductor Li, which smoothes the chopped voltage 
in the chopper mode, serves to block the high 
frequency voltage and prevent it from being apply- 10 
ing to the circuit other than the closed loop, there- 
by applying the high frequency voltage effectively 
to the discharge lamp 10 in the inverter mode. 
Further, the secondary winding U2 of the trans- 
former T, which develops the high frequency volt- 75 
age as a power source in the inverter mode, can 
serve to block the high frequency component of 
the chopped voltage in the chopper mode, assist- 
ing to bypass the high frequency component 
through the bypass capacitor &. The discharge 20 
lamp 10 may be a high pressure gaseous dis- 
charge lamp such as mercury high pressure dis- 
charge lamp with metal halogen additives, sodium 
vapor lamp, and the like, or may be a low pressure 
lamp. 25 

The present invention is now discussed in 
more detail with reference to preferred embodi- 
ments. Like numerals designate like parts through- 
out the following embodiments for easy reference. 

30 

First embodiment <FIGS. 3 to 5> 



In this embodiment, the circuit comprises a 
pair of first and second switching transistors Qi 
and Q2 which are cooperative with a pair of capaci- 
tors C3 and C* to form a half-bridge having its 
input ends connected across a dc voltage source 
Vi . Connected across the output ends of the half- 
bridge is a series circuit composed of an inductor 
Li and the parallel combination of a discharge 
lamp 10 and a bypass capacitor Ct. The first and 
second switching transistors Qt and Cb are coop- 
erative with the series circuit to form a chopper 
which provides a dc current to the discharge lamp 
10. A transformer T is incorporated in the circuit 
with its primary winding L*i connected in series 
with a dc blocking capacitor C2 across the second 
switching transistor Q2 and with its secondary 
winding L22 inserted in series with discharge lamp 
10 and in parallel with the bypass capacitor Ci. 
The series connection of the primary winding L21 
and the blocking capacitor C2 is cooperative with 
the first and second switching transistors Ch and 
Q2 to form an inverter or series oscillating circuit 
which provides a high frequency alternating current 
to the discharge lamp 10. As discussed in the 
below, the first and second switching transistors Qi 
and Q2 are controlled to provide repeating cycles 



of a composite lamp driving current composed of 
the dc current fed from the chopper and the high 
frequency alternating current from the inverter, as 
shown in FIG. 5. Typical values for the above 
circuit are as follows. The voltage of the dc voltage 
source Vi is 280 V, the bypass capacitor Ci has a 
capacitance of 0.22 uF, the inductor Li has an 
inductance of 0.2 mH, the primary winging L21 has 
an inductance of 0.5 mH, and the blocking capaci- 
tor C2 has a capacitance of 0.1 uF. The first and 
second switching transistors Qi and Q2 are op- 
erated at 40 KHz both in the chopper and the 
inverter mode. The operation of the chopper is now 
explained with reference to FIG. 4. During each first 
period of time Tpc alternating with a second period 
of time T H f one of the first and second switching 
transistors Qi and Cb is controlled to turn on and 
off at a first high frequency while the other switch- 
ing transistor is kept turned off. For example, dur- 
ing the first period of time Tdc (ti - t2> of FIGS. 4 
and 5, the first switching transistor d repeats 
turning on and off at a frequency of 40 KHz while 
the second transistor Cb is kept turned off. When 
the first transistor Qi is on, the capacitor C3 will 
discharge a current through a route of the first 
switching transistor Qi, secondary winding L22. 
discharge lamp 10, and inductor Li . When the first 
transistor Qi is turned off, the inductor Li acts to 
maintain a continuous flow of current in the same 
direction. Thus, the dc current from the capacitor 
C3 is smoothed by the inductor Li and has its high 
frequency component bypassed through the by- 
pass capacitor Ci so as to feed the smoothed dc 
current to the discharge lamp 10. During the first 
35 period of time Toe (t3 - U), the second switching 
transistor Cb turns on and off at the same fre- 
quency while the first switching transistor Qi is 
kept turned off, thereby producing the like dc cur- 
rent but in opposite polarity, as shown in FIG. 5. 
40 With this provision of reversing the polarity of the 
dc current from one cycle to the subsequent cycle 
of the composite lamp driving current, the dis- 
charge lamp 10 can have an elongated operation 
life. 

45 The second period of time T H f in which the 

inverter is active to provide the high frequency 
alternating current is initiated by driving to turn on 
and off one of the switching transistor which is kept 
turned off in the previous first time of period while 

50 keeping the other switching transistor turning on 
and off. For example, in the second period of time 
T H f (t2 - t3>, the second switching transistor Cb. 
which has been off in the previous first time of 
period Tdc. begins to turn on and off while the first 

55 switching transistor Q\ continues to turn on and off. 
During this period, the first and second switching 
transistors Qi and Cb are alternately turned on and 
off with a dead-time therebetween, in which both of 



5 



9 



EP 0 314 077 B1 



10 



the switching transistors are simultaneously off, in 
order to provide the high frequency alternating 
current. The inverter operation in this period is 
explained in terms of the repeating sequence of the 
following four consecutive occurrences 1) to 4), as 
indicated in FIG. 4. 

At the first occurrence 1). the second switching 
transistor Cb is turned on while the first switching 
transistor Qi is off such that the blocking capacitor 
C2 which has been charged due to the previous 
turning on of first switching transistor Q1 will begin 
discharging to cause a current to flow through the 
primary winding Ut, second switching transistor 
Cb. and back to the blocking capacitor C2. At the 
second occurrence 2) in which both of the first and 
second switching transistors Qi and O2 are off, the 
primary winding U21 in turn causes the current to 
continuously flow through a first diode D, , dc volt- 
age source Vi , blocking capacitor C2 and back to 
the primary winding Lai . At the third occurrence 3), 
the first switching transistor Qi is on while the 
second switching transistor Cb is off so that the 
capacitor C3 discharges its energy, causing a cur- 
rent to flow in the opposite direction through the 
first switching transistor Qi, primary winding Lai, 
blocking capacitor Qz, capacitor C*. and back to 
the capacitor Qj. At the fourth occurrence 4) where 
both of the first and second switching transistors 
Qi and Cb are off, the primary winding L21 acts to 
maintain the continuous flow of current through a 
second diode D2, blocking capacitor C2, and back 
to the primary winding L21. In this sense, the first 
and second diodes D1 and D2, which are con- 
nected in antiparallel relation respectively to the 
first and second switching transistors Q^ and Cb, 
provide first and second bypass routes for continu- 
ously flowing the instantaneous currents dis- 
charged from the primary winding Lai at the sec- 
ond and fourth occurrences in which both of the 
switching transistors Qi and Cb are off. 

Likewise, in the next second period of time T H f 
(t* - ts) which is initiated by turning on and off the 
first switching transistor Qi which has been on in 
the previous first time of period Toe* the first and 
second switching transistors Qi and Cb are con- 
trolled to alternately turn on and off to produce the 
high alternating current through the primary wind- 
ing Lei. 

In this manner, during each second period of 
time Thf. the high frequency alternating current 
continues to flow through the primary winding Ui 
to thereby induce at the secondary winding L22 the 
corresponding high frequency alternating current 
which circulates through the closed loop of the 
secondary winding L22, discharge lamp 10, and the 
bypass capacitor C1 as the inductor Li acts to 
block such high frequency alternating current, 
whereby driving the discharge lamp 10 by thus 



obtained high frequency alternating current, as 
shown in FIG. 5. 

It is noted at this connection that the second 
frequency is determined so that the inductor Li 

5 blocks such high frequency alternating current from 
circulating through the closed loop of the secon- 
dary winding L? 2 . discharge lamp 10, and bypass 
capacitor Ci . Due to the above the circuit arrange- 
ment, the first and second switching transistors are 

70 commonly utilized both in the chopper mode of 
providing the dc current and in the inverter mode 
of providing the high frequency alternating current 
to the discharge lamp. In brief, the inverter mode of 
providing the high frequency alternating current is 

75 terminated by deactivating one of the switching 
transistors, which in turn immediately initiates the 
chopper mode of providing the dc current to the 
discharge lamp. Thus, by repeating the above op- 
erations, the high frequency alternating current can 

20 be repetitively interrupted by the dc current, as 
shown in FIG. 5, to thereby inhibit the occurrence 
of the acoustic resonance which would be other- 
wise develop due to the high frequency lamp driv- 
ing. 

25 The ratio of the period Tqc to the period of one 

complete cycle (Toe + T H f) of the composite lamp 
driving current may be suitably selected depending 
upon the kind of discharge lamp utilized for pre- 
vention of the acoustic resonance, as the suitable 

30 ratio will vary with different kinds of lamps. 

Modification of the first embodiment (FIG. 6> 

This modification shows a circuit arrangement 

35 which is identical to that of FIG. 3 except that the 
dc blocking capacitor C2 is inserted between the 
primary winding L21 and the connection of the 
capacitors C3 and C*. The circuit provides the like 
composite lamp driving current of FIG. 5 by the 

40 like switching operations of FIG. 4, but in which 
each of the capacitors Q3 and Qu is additive to the 
blocking capacitor C2 to act as a voltage source to 
provide the high frequency alternating current dur- 
ing the second period of time T H f. The other func- 

45 tions are identical to those of the first embodiment. 
In other words, during the second period of time for 
providing the high alternating current, the capaci- 
tors Q3 and Q4 can be made mainly responsible 
for producing the high frequency alternating cur- 

50 rent, while the blocking capacitor C2 is responsible 
for blocking the dc current. Accordingly, the con- 
stant of the blocking capacitor C2 can be deter- 
mined relatively freely without taking into account 
for utilizing it as the voltage source for the alternat- 

55 ing current, thus giving rise to an improved design 
flexibility of the circuit. Typical values for this cir- 
cuit when operated on the dc voltage V t of 280 V 
are as follows. Ci = 0.22 uF, Li « 0.22 mH, L21 = 
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0.9 mH, and C2 = 0.01 uF. The first and second 
switching transistors Qi and O2 are operated at 40 
KHz and 60 KHz, respectively in the chopper mode 
and the inverter mode. 

Second embodiment <FIGS. 7 and 8> 

Referring to FIG. 7, a second embodiment of 
the present invention is shown to be identical to the 
first embodiment of FIG. 3 except for utilizing addi- 
tional third and fourth switching transistors O3 and 
Q4 which are coupled with the first and second 
switching transistors d and Gb to form a chopper 
circuit of full-bridge configuration with third and 
fourth diodes D3 and D* connected in antiparaliei 
relation to the third and fourth switching transistors 
Q3 and Gu f respectively. Thus, as shown in FIG. 8, 
the one of the two diagonally disposed pairs of 
switching transistors Qi, Q*. and Cb, Q3 is ren- 
dered to be active while the other pair is inactive 
during the first period of time Tdc providing the dc 
current to the discharge lamp 10. For example, 
during the first period of time Tqc (ti - fc), the first 
switching transistor Qi is controlled to turn on and 
off at a first high frequency with the fourth switch- 
ing transistor Q 4 being kept turned on, while the 
second and third switching transistors O2 and Q* 
are kept turned off. In this manner the switching 
transistors are controlled to provide the dc lamp 
current which is opposite in polarity from the period 
ti- to the period ta - U- in the inverter mode of 
providing the high frequency alternating current, or 
in the second period of time T H f (fc - 13, t* -t&), the 
first and second switching transistors Q1 and Q2 
are controlled in the same manner as in the first 
embodiment while the third and fourth switching 
transistors Cb and CU are kept turned off, during 
which the first and second switching transistors Qi 
and Cb are cooperative with the primary winding 
L21 and the blocking capacitor C2 to oscillate an 
alternating current through the primary winding L21 
and the blocking capacitor C2, as repeating the 
four occurrences which are similar to those dis- 
cussed with reference to the first embodiment but 
differ in that the dc voltage Vi will supply an 
energy to the series oscillating circuit of the pri- 
mary winding L21 and the blocking capacitor C2 
when Ihe first switching transistor Qi is on and the 
second switching transistor Cb is off. 

Modification of the second embodiment <FIGS. 9 
and 10) 

The modification of the second embodiment 
utilizes the same circuit arrangement of FIG. 7, but 
operates the first and second switching transistors 
Qi and Cb as shown by the timing diagram of FIG. 
9. As seen from FIG. 9, in the chopper mode of 



providing the dc current during the first period of 
time Toe (ti - la, tj - U), both of the first and 
second switching transistors Qi and Q2 are oper- 
ative to alternately turn on and off such that during 

5 this period Tdc the discharge lamp 10 receives, in 
addition to the smoothed dc voltage from the dc 
voltage source Vi, the induced voltage developed 
at the transformer T due to the oscillation in the 
circuit of the primary winding L21 and the blocking 

jo capacitor C2. Thus, the resulting dc lamp current 
may take the form of FIG. 10 in which the high 
frequency component is superimposed on the 
smoothed dc current (ti -fc, ta - U). 

15 Third embodiment <F1G. 11 and 12) 

Referring to FIGS. 11 and 12, a third embodi- 
ment of the present invention is shown to comprise 
the same like circuit as in the second embodiment 

20 except that the blocking capacitor C2 has its one 
end connected to the connection between the third 
and fourth switching transistors Cb and Q*. The 
switching transistors Qi to Cu are controlled to 
turned on and off in accordance with a timing 

25 diagram of FIG. 12 to provide the like composite 
lamp driving current as shown in FIG. 5 for the first 
embodiment. In the chopper mode, the two diag- 
onally disposed switching transistors, for example, 
Qi and Q*. are controlled to turn on and off in a 

30 synchronized manner while the other two switching 
transistors, for example, Q2 and Cb are kept turned 
off during each first period of time Toe order to 
provide the dc current to the discharge lamp 10. 
Due to the synchronous operation of the diagonally 

35 disposed switching transistors Qi, Q4 and Q2, Cb 
in the chopper mode, the inductor Li acts upon the 
subsequent turning off of the all switching transis- 
tors to cause the instantaneous dc current to con- 
tinuously flow through a closed loop to the dc 

40 voltage supply Vi, thus feeding back the energy 
thereto. For example, when ail of the switching 
transistors are turned off immediately after the first 
and fourth switching transistors Qi and Q* being 
turned on, the inductor Li cause the current to flow 

45 through the diode D3, dc voltage source Vi, diode 
D2, secondary winding L22. discharge lamp 10 and 
back to the inductor Lai. On the other hand when 
all the switching transistors are turned off after the 
second and third switching transistors Cb' and Q3 

50 being simultaneously turned on, the instantaneous 
current from the inductor L21 flows through the 
discharge lamp 10, the secondary winding L22. 
diode D1 , dc voltage source, diode D 4 , and back to 
the inductor L21 . 

55 In the inverter mode of providing the high fre- 

quency alternating current during the second pe- 
riod of time T H f (fe - t3, U - fe), the two switching 
transistors, for example, Qi and Q4 in one diag- 
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onally disposed pair are controlled to simultaneous- 
ly turn on and off while the switching transistors Cb 
and Cb in the other pair are controlled to simulta- 
neously turn on and off in an alternating manner 
therewith. Thus, the alternating current appears in 
the series oscillating circuit including the primary 
winging L21 and the blocking capacitor C2 with no 
substantial direct current being caused to flow 
through the discharge lamp 10 and the inductor Li, 
whereby inducing at the secondary winding L22 the 
high frequency alternating current which circulates 
the closed loop of the secondary winding U2. 
discharge lamp 10, and bypass capacitor Ci. Also 
in the inverter mode, when ail the switching transis- 
tors are simultaneously turned off, the primary 
winding L^^ acts to fed back its accumulated en- 
ergy to the dc voltage Vi through the diodes D3 
and P2 or the diodes Di and D 4 . 

Modification of the third embodiment <FIG. 13> 

A modification of the third embodiment utilizes 
the same circuit of FIG. 1 1 but in which the switch- 
ing transistors Qi to Q* are controlled in a some- 
what different manner from the third embodiment. 
As shown in FIG. 1 3, the difference is seen in that, 
during first period of time Tqc (chopper mode), the 
first switching transistor Q1 is controlled to turn on 
and off while the fourth switching transistor Q 4 is 
kept turned on (ti - fc), and the third switching 
transistor Cb is controlled to turn on and off while 
the second switching transistor Q2 is on (t3 - U). 
Thus, upon the turning off of the first switching 
transistor Qi, the switching transistor CU is coop- 
erative to the diode P2 to form a closed loop 
including the inductor Li for circulating thereth- 
rough the current which is otherwise fed back to 
the dc voltage source V1 through the diodes D3 
and D2 as seen in the third embodiment. Likewise, 
upon turning off of the third switching transistor Cb. 
the second switching transistor Cb is cooperative 
with the diode D 4 to circulate the current which is 
otherwise fed to the dc voltage source Vi through 
the diodes D1 and D 4 as seen in the third embodi- 
ment. 

Fourth embodiment (FIGS. 14 to 16) 

A fourth embodiment of the present invention 
comprises first and second switching transistors Qi 
and Cb connected across the dc voltage source Vi 
with first and second diodes D t and D2 connected 
in antiparallel respectively with the first and second 
switching transistors Qi and Q2. The inductor Li is 
connected in series with a parallel combination of 
the discharge lamp 10 and bypass capacitor Ci, 
which series-parallel combination is connected in 
parallel with the second switching transistor Cb. 



Also included in the circuit is the transformer T of 
which primary winding L21 is connected in series 
with the dc blocking capacitor C2 across the sec- 
ond switching transistor Cb. The secondary winding 

5 L22 is inserted in series with the discharge lamp 10 
in parallel with the bypass capacitor Ci. In this 
circuit, the chopper is defined by the first switching 
transistor Qi , and the series-parallel combination of 
the inductor Li, discharge tamp 10, bypass capaci- 

70 tor Ci, as enclosed in dotted lines CH in FIG. 14. 
Also, as enclosed in phantom lines IV in the figure, 
the inverter is defined by, in additions to the above 
components common the to the chopper, the sec- 
ond switching transistor Cb and the series circuit of 

75 the primary winding L21 and the blocking capacitor 
C2, and the secondary winding L22. 

In operation, the first and second switching 
transistors Qi and Cb are controlled in a manner 
as shown in FIG. 15 to provide a composite lamp 

20 driving current of FIG. 16. That is, in the chopper 
mode during the first period of time Toe (ti - and 
ta - U), the first switching transistor Qi is driven to 
turn on and off at a first high frequency to provide 
the chopped dc voltage which is smoothed by the 

25 inductor Li and of which the high frequency com- 
ponent is bypassed through the bypass capacitor 
Ci to allow the flow of the resulting smoothed dc 
current to the discharge lamp 10. In the inverter 
mode during the second period of time T H f (fc -U), 

30 the first and second switching transistors Qi and 
Cb are driven to alternately turn on and off with a 
dead-time therebetween at a second high frequen- 
cy, which may be equal to or different from the first 
high frequency, to cause an oscillating current 

35 through the circuit of the primary winding L21 and 
the blocking capacitor O2 as repeating to charge 
and discharge the blocking capacitor C2 in the 
same manner as effected in the previous embodi- 
ments. Thus, there is developed at the secondary 

40 winding La 2 the induced current which will circulate 
through the closed loop of the secondary winding 
L22, discharge lamp 10, and the bypass capacitor 
Ci as the inguctor Li acts to block such high 
frequency alternating current. In the inverter mode, 

45 the current flowing to the inductor U is kept at a 
minimum by suitably selecting the values for the 
inductor Li. bypass capacitor Ci, the secondary 
winding L22. and the driving frequency or the sec- 
ond frequency at which the first and second switch- 

50 ing transistors Qi and Cb are operated. 

Fifth embodiment (FIGS. 17 to 19) 

The discharge lamp driving circuit comprises 
55 the first and second switching transistors Qi and 
Cb connected across the dc voltage source Vi with 
first and second diodes Di and D2 connected in 
antiparallel relation respectively to the first and 
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second switching transistors Ch and Cfc. A third 
switching transistor Cfc is connected in series with 
the inductor Li and the parallel combination of the 
discharge lamp 10 and the bypass capacitor Ci 
across the first switching transistor Ch . The trans- 
former T is connected in circuit with its primary 
winding Ui connected in series with the blocking 
capacitor C2 across the second switching transistor 
Cfc and with its secondary winding L22 inserted in 
series with the discharge lamp 10 and in parallel 
with the bypass capacitor C1 . In this embodiment, 
the chopper is defined by the second and third 
switching transistors Cfc and Cfc, the series-parallel 
circuit of inductor Li, discharge lamp 10 and by- 
pass capacitor Ci , as enclosed in the dotted lines 
CH in FIG. 17, while the inverter is defined by, in 
addition to the second switching transistor Cfc, the 
parallel combination of discharge lamp 10 and by- 
pass capacitor Ci common to the chopper, the 
transformer T and the blocking capacitor C2, as 
enclosed in phantom lines IV in the figure. These 
switching transistors Ch, Cfc, and Qa are controlled 
in accordance with a timing chart of FIG. 18 so as 
to provide the like composite lamp driving current 
as seen shown in FIG. 16 of the fourth embodi- 
ment. That is, in the chopper mode during the 
period Toe (ti - iz and h - U), the second switch- 
ing transistor Cfc is driven to turn on and off at a 
first high frequency while the first and third switch- 
ing transistors O1 and Q3 are turned off and on, 
respectively, whereby providing the smoothed dc 
current to the discharge lamp 10 in the same 
manner as in the fourth embodiment. In the inverter 
mode during the period T H f (k - k), the first and 
second switching transistors Ch and Cfc are driven 
to alternately turn on and off with a dead-time 
therebetween at a second high frequency which 
may be equal to or different from the first high 
frequency, in order to produce an high frequency 
alternating current through the primary winging L21 
and consequently circulate the resulting high fre- 
quency alternating current through the closed loop 
of secondary winding L22. discharge lamp 10, and 
bypass capacitor Ci , in the same manner as seen 
in the previous fourth embodiment. In the inverter 
mode, the third switching transistor Cfc is kept 
turned off so that the discharge lamp 10 will not 
receive the current directly from the blocking ca- 
pacitor C2 or from the dc voltage source V1 . 

Sixth embodiment (FIGS. 19 and 20> 

Referring to FIG. 19, a sixth embodiment of the 
present invention is shown to comprise the first and 
second switching transistors Ch and Cfc which are 
coupled with a pair of capacitors Cfc and CU in a 
half-bridge configuration having its input ends con- 
nected across the dc voltage source Vi . First and 



second diodes D 1A and D2A are connected in an- 
tiparallel relation to the first and second switching 
transistors Qi and Cfc, respectively. Included in the 
circuit is a diode network composed of a series 

5 combination of diodes 0^^ and D12 and another 
series combination of diodes D21 and D22. These 
series combinations are connected in parallel with 
one another between the first and second switching 
transistors Ch and Cfc. Another first diode D 1B is 

10 connected in series with diode D21 in antiparaliel 
relation to the first switching transistor Oi. Like- 
wise, another second diode D2B is connected in 
series with diode D22 in antiparaliel relation to the 
second switching transistor Cfc. A series circuit of a 

15 first inductor Li and the parallel combination of 
discharge lamp 10 and bypass capacitor Ci is 
connected between the output ends of the half- 
bridge or between the connection of diodes D11 
and D12 and the connection of capacitors C3 and 

20 d . Also included in the circuit is the transformer T 
with its secondary winging L22 connected in series 
with the discharge lamp 10 in parallel with the 
bypass capacitor Ci and with its primary winding 
Lai connected in parallel with a capacitor C5. The 

25 parallel combination of the primary winding L21 and 
capacitor Cs is connected in series with a second 
inductor L3 and a blocking capacitor C2 between 
the connection of capacitors C3 and C* and the 
connection of diodes D21 and D22- In the above 

30 circuit, the capacitors Ca and C* are charged from 
the dc voltage Vi and in return supplies to the 
discharge lamp 10 the like composite lamp driving 
current of FIG. 5 as the first and second switching 
transistors Q1 and Cfc are driven in accordance 

35 with a timing diagram of FIG. 20. 

In the chopper mode effected during the period 
Toe (ti - ts> and ta - t* in FIG. 20), one of the first 
and second switching transistors Ch and Cfc is 
driven to turn on and off at a first high frequency 

40 while the other switching transistor is kept turned 
off, in order to provide across the output ends of 
the half-bridge the chopped voltage from one of the 
corresponding capacitors C3 and C*. The chopped 
voltage is smoothed by the first inductor Li and 

45 has its high frequency component routed through 
the bypass capacitor Ci; whereby applying the 
resulting smoothed dc current to the discharge 
lamp 10. Such smoothed dc current has the polar- 
ity which is reversed from the period of ti - to 

50 the period of la to U . The above chopper operation 
can be explained in terms of the following repeated 
sequence. For example, in the period Toe of ti - 12, 
when the first transistor Ch is on while the second 
switching transistor Cfc is off, the capacitor Ca 

55 supplies a current which flows through first switch- 
ing transistor Ch , diode Di 1 , first inductor Li , dis- 
charge lamp 10, secondary winding L22, bypass 
capacitor Ci, and back to the capacitor C3. Upon 
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the subsequent turning off of the first switching 
transistor Q^ , the first inductor Li acts to maintain 
the continuous flow of the current through the dis- 
charge lamp 10. secondary winding lz2, bypass 
capacitor Ci , capacitor C* , diode D^, and back to 
the first inductor Li. During the period Toe of to - 
U, upon the turning on of the second switching 
transistor Cfe, the capacitor & supplies a current 
which flows through secondary winding U2, dis- 
charge lamp 10. bypass capacitor Ci, first inguctor 
Li, diode D12, second switching transistor Cfe, and 
back to capacitor C* . Upon the subsequent turning 
off of the second switching transistor Cfe, the first 
inductor Li causes the current to continuously flow 
therefrom and through diode D 1A . capacitor C3, 
secondary winding L22. discharge lamp 10, and 
back to the first inductor Li. With the provision of 
the half-bridge configuration, the toag circuit includ- 
ing the discharge lamp 10 receive one-half of the 
voltage of the dc voltage source. 

For successfully bypassing the high frequency 
component of the chopped voltage through the 
bypass capacitor C1 without causing an unstable 
lamp operation and at the same time without re- 
quiring the capacitor Ci and the secondary winding 
L22 to become bulky, the first high frequency, the 
inductance of the first inductor Li , and the capaci- 
tance Ci of the bypass capacitor Ci may be se- 
lected such that the combined impedance of the 
lamp 10 and the secondary winding L22 is to be 3 
to 10 times that of the bypass capacitor Ci . 

In the inverter mode during the period T H f (to - 
t3 and t* - to), the first and second switching 
transistors d and Cfe are controlled to alternately 
turn on and off with a dead-time therebetween at a 
second high frequency to provide a high frequency 
alternating current to the discharge lamp 10 as 
repeating the following four occurrences 1) to 4). At 
the first occurrence 1), for example, as indicated in 
the period of to - to in FIG. 20 in which the second 
switching transistor Gb is turned on while the first 
switching transistor Ch is off. the capacitor C* is 
cooperative with blocking capacitor C2 to flow a 
current mainly through primary winding L21. ca- 
pacitor Cs, second inductor L3, blocking capacitor 
C2, diode D22. second switching transistor O2, and 
back to capacitor C* . At the second occurrence 2) 
in which both of the first and second switching 
transistors Qi and Cfe are simultaneously off, the 
second inductor La is cooperative with the primary 
winding L21 to release the accumulated energy to 
continuously flow the current mainly through bloc- 
king capacitor C2. diode D 1B , capacitor Ca, primary 
winding L2 1 , capacitor Cs , and back to the second 
inductor La. At the third occurrence 3) in which the 
first switching transistor Qi is on while the second 
switching transistor Cfe is off, the capacitor C3 is 
cooperative with the blocking capacitor C2 to flow a 



current in the opposite direction mainly through 
first switching transistor Ch, diode Q21, blocking 
capacitor C2, second inductor La, primary winding 
L21 . capacitor Cs, and back to the capacitor C3. At 

5 the fourth occurrence 4) in which both of the first 
and second switching transistors Qi and Gb are 
off, the second inductor L3 is cooperative with the 
primary winding L21 to maintain the continuous 
flow of the current mainly through primary winding 

70 L21, capacitor Cs, capacitor C*. diode D^, bloc- 
king capacitor C2, and back to the second inguctor 
L*. 

In this connection, the diodes D 1B and D 2 b, 
which are connected in anti parallel relation respec- 

75 tively to the first and second switching transistors 
Qi and 02, provide first and second bypass routes 
for continuously flowing the instantaneous currents 
released from the second inductor La and the pri- 
mary winding L21 at the second and fourth occur- 

20 rences in which both of the switching transistors Qi 
and Cb are off. 

Likewise, in the next second period of time T H f 
(t# - to) which is initiated by turning on and off the 
first switching transistor Qi which has been active 

25 in the previous first time of period Toe, the first and 
second switching transistors Qi and Q2 are con- 
trolled to alternately turn on and off to produce the 
high alternating current through the primary wind- 
ing L21. 

30 In this manner, during each second period of 

time T H Fi the high frequency alternating current 
continues to flow the primary winding L21 to there- 
by induce at the secondary winding L22 the cor- 
responding high frequency alternating current 

35 which circulates through the closed loop of the 
secondary winding L22, discharge lamp 10, and 
bypass capacitor Ci as the inductor Li blocks such 
high frequency alternating current, whereby driving 
the discharge lamp 10 by thus obtained high fre- 

40 quency alternating current 

It should be noted at this point that during the 
above inverter mode the first and second switching 
transistors Qi and Q2 are driven at the second 
high frequency which is higher than the first high 

45 frequency at which they are driven in the above 
chopper mode, such that the first inductor Li block 
the second high frequency to thereby allow only a 
minute current to divert into the circuit of first 
inductor Li and capacitor Ci. It should be also 

50 noted that, during the chopper mode, the above 
diode network of diodes On. D12, D21, and D22 
acts to prevent the current from diverting into the 
inverter circuit of blocking capacitor C2, second 
inductor L3, and primary winding L2i since the 

55 diode network acts to maintain the voltage of the 
blocking capacitor C2 once it is charged up to one- 
half of the voltage of the dc voltage source Vi . 
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To explain the diode network operation in detail 
with reference to the occurrences during the chop- 
per operation Toe. diodes D12 and D21 are coop- 
erative to block the current from diverting into the 
inverter circuit when the first switching transistor 
Qi is on while the second transistor is off; diodes 
D11, D12, D21, and D22 are cooperative to block 
the same when both of the first and second switch- 
ing transistors are off; and diodes Di 1 and O22 are 
cooperative to block the same when the second 
switching transistor O2 is on while the first switch- 
ing transistor Qi is off. 

With this arrangement of blocking the current 
from diverting into the inverter circuit during the 
chopper operation Toe. no substantial alternating 
current is induced at the secondary winging 1-22 to 
thereby keep the smoothed dc current free from 
any ripple which would otherwise be superimposed 
thereupon in the absence of the diode network and 
would certainly result in unstable lamp operation. 

In this embodiment, the discharge tamp 10 
may be ignited with the addition of an L-C resonant 
starter circuit for inducing an increased ignition 
voltage across the secondary winging U2 while 
providing the high frequency alternating current to 
the discharge lamp 10 by the operation of the 
inverter, rt is also effective to utilize a pulse-width- 
modulation technique for controlling the output of 
the circuit while monitoring the condition of the 
lamp 10 by means of the lamp current or the lamp 
voltage. 

The period T w of the high frequency alternat- 
ing current within one cycle (T H f + Toe) of the 
composite lamp driving current may differ from 
differing discharge lamps utilized, but is found, for 
example, for a typical 80 W mercury-arc lamp 
having a rated lamp voltage of 115 V, to be prefer- 
ably less than 20 % of the one cycle in order to 
prevent the acoustic resonance and assure a stable 
lamp operation. In this instance, the one cycle (T H f 
+ Toe) is preferably between several milliseconds 
and several tens of microseconds for the purpose 
of restraining flicker and noises. 

The first and second switching frequencies can 
be suitably selected in relation to the inductances 
and capacitances of the circuit. For example, when 
first inguctor Li , the bypass capacitor Ci , second 
inductor L3, blocking capacitor C2. capacitor C5 are 
selected to have respective values that Li = 0.2 
mH, Ci = 0.1 uF, = 0.2 mH, C2 = 0.15 uF, 
and C5 = 0.033 uF for driving the above mercury- 
arc lamp with the dc voltage source V t of 280 V, 
the first and second switching transistors Qi and 
Q2 are operated respectively at 40 KHz during the 
period Toe and respectively at 80 KHz during the 
period Thf for providing the composite lamp driving 
current as indicated in FIG. 5. 



Seventh embodiment <FIG. 21> 

A seventh embodiment of the present invention 
has the similar circuit arrangement to that of the 

5 sixth embodiment except that the chopping opera- 
tion is effected only by the first transistor Ch . That 
is, in the chopper mode, only the first switching 
transistor Qi is driven to turn on and off, while in 
the inverter mode, both of the first and second 

10 switching transistors Qi and Cfe are driven to op- 
erate in the same manner as in the sixth embodi- 
ment, thus providing the composite lamp driving 
current as seen in FIG. 16 The like diode network 
composed of diodes D11, D12, D21, and O22 is also 

15 included to prevent the diversion of the undesired 
current between the series circuit of first inductor 
Li, discharge lamp 10, bypass capacitor Ci, and 
secondary winding U2, and the inverter circuit of 
blocking capacitor C2, second inductor U, and 

20 primary winging Lai. 

Eighth embodiment <FIGS. 22 and 23> 

Referring now to FIG. 22, an eighth embodi- 

25 ment of the present invention is shown to comprise 
first and second switching transistors Qi and Cfe 
connected in series across a dc voltage source Vi 
with first and second diodes Di and D2 connected 
in antiparallel relation to the first and second 

30 switching transistors Qi and Cfe, respectively. The 
first and second switching transistors Qi and Q2 
are coupled with capacitors Ca and C* in a half- 
bridge configuration of which input ends are con- 
nected to the dc voltage source Vi . Connected 

35 between the output ends of the half-bridge is a 
series circuit of an inductor Li and a parallel com- 
bination of a discharge lamp 10 and a bypass 
capacitor Ci . The first and second switching tran- 
sistors Qi and Q2 are controlled in accordance 

40 with a timing chart of FIG. 23 to provide the like 
composite lamp driving current as shown in FIG. 5, 
as repeating the chopper and inverter functions. 

In the chopper mode defined within the period 
Toe (ti - %z t U - U) of FIG. 23, one of the first and 

45 second switching transistors Qi and Cfe is driven to 
turn on and off at a first high frequency while the 
other switching transistor is kept turned off in order 
to provide a chopped voltage supplied from the 
corresponding one of the capacitors C3 and C*. 

50 The chopped voltage is then smoothed by the 
inductor Li and of which high frequency compo- 
nent is bypass through the bypass capacitor Ci, 
thus providing the resulting smoothed dc current to 
the discharge lamp 10. As apparent from FIG. 23, 

55 the first and second switching transistors Qi and 
Q2 are alternately made active from one cycle to 
the subsequent cycle to thereby reverse the polar- 
ity of the dc current applied to the discharge lamp 
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10 in a repeated manner. Such polarity reversal is 
not essential and therefore only one of the switch- 
ing transistors Qi and Cfe may be made active in 
the chopper mode of providing the dc current. 

In the inverter mode defined within the period 
T H f (fc -fc, U - ts), the first and second switching 
transistors Qi and Cfe are driven to alternately turn 
on and off with a dead-time therebetween at a 
second high frequency which is lower than the first 
high frequency, such that the discharge lamp 10 
receives a resulting high frequency alternating cur- 
rent as the circuit repeats the following four occur- 
rences 1) to 4). as indicated in FIG. 23. At the first 
occurrence 1) in which the first switching transistor 
Qi is off and the second switching transistor Ob is 
on, the capacitor C* discharges and causes a 
current to flow therefrom mainly through the dis- 
charge lamp 10, inductor Li, second switching 
transistor Cfe, and back to the capacitor Q*. At the 
second occurrences 2) in which the first and sec- 
ond switching transistors Qi and Cfe are simulta- 
neously off, the inductor Li acts to continuously 
flow the current therefrom mainly through diode Di , 
capacitor C3, discharge lamp 10, and back to the 
inductor Li . At the third occurrence 3) in which the 
first switching transistor Qi is on while second 
switching transistor Cfe is off, the capacitor C3 
discharges and causes a current to flow therefrom 
in the opposite direction through first switching 
transistor Qi, inductor Li, discharge lamp 10, and 
back to the capacitor C3. At the fourth occurrence 
4) when first and second switching transistors Qi 
and Cfe are simultaneously off, the inductor Li act 
to maintain the continuous flow of the current there- 
from through discharge lamp 10, capacitor C*. di- 
ode D2, and back to the inductor Li . 

In the above circuit, the inductance of Li is 
selected to have such a value that the second high 
frequency of the inverter operation will not be 
lowered to audio frequency. In this connection, the 
first high frequency of the chopper operation is 
selected to be higher than the second high fre- 
quency by such an extent as to increase the im- 
pedance of the inductor Li which limits the current 
flowing through the discharge lamp 10. 

Typical values for the components of the above 
circuit are, for instance, that C1 = 0.7 uF, Li = 
0.1 mH when V1 = 140 V and that Qi and Cfe are 
driven to operate at 100 KHz the chopper mode 
and at 30 KHz in the inverter mode. 

Ninth embodiment <FIG. 24> 

A ninth embodiment of the present invention 
utilizes a dc voltage source comprising a diode 
bridge DB connected to an ac voltage source V A c 
through a filtering circuit FT. The lamp driving 
circuit of the present embodiment is similar to that 



of the eighth embodiment except that the output of 
the dc voltage source DB is connected across the 
first switching transistor Qi through a second in- 
ductor L2. Thus, in the chopper mode, only the first 

5 switching transistor Qi is driven to turn on and off 
in order to provide the smoothed dc current to the 
discharge lamp 10 in the manner as described with 
reference to the eighth embodiment. The inverter 
operation of the circuit is identical to that of the 

10 eighth embodiment. In this sense the first switching 
transistor Qi is commonly utilized both in the 
chopper and inverter modes. The characterizing 
feature of the present embodiment resides in that, 
in the chopper mode, the first switching transistor 

75 Qi is cooperative with the second inductor L2 and 
diode D2 to act as a positive booster for increasing 
the magnitude of the voltage acting to the series 
circuit of capacitors Ca and Gt. That is, the energy 
accumulated in the second inductor L2 during the 

20 chopping operation is additive to the dc power 
source DB to apply the resultant added voltage to 
the capacitors C3 and C* for charging the same at 
the high frequency up to the voltage higher than 
that of the ac voltage source V A c- Also with this 

25 result, the input current l AC can take the form of a 
sine wave, thereby making it possible to have an 
improved power factor of more than 90 %. 

Tenth embodiment <FIGS. 25 and 26> 

30 

A tenth embodiment of the present invention is 
similar to the eighth embodiment except that an- 
other pair of switching transistors Cfe and Q4 is 
incorporated as replacing the pair of capacitors C3 

35 and C4 to form a full-bridge configuration with 
diodes D3 and D* connected in antiparallel relation 
to the switching transistors Cfe and Q*. These four 
switching transistors Qi to Q* are driven in accor- 
dance with a timing chart of FIG. 26 to provide the 

40 like composite lamp driving current as shown in 
FIG. 5. 

In the chopper mode defined within the period 
of Tdc (ti -tz) during which the second and third 
switching transistors Q2 and Cfe are off, the first 

45 switching transistor Qi is turned on and off at a 
first high frequency while the fourth switching tran- 
sistor CU is kept turned on in order to provide from 
the dc voltage V1 a chopped voltage which is 
smoothed by the inductor Li and of which high 

50 frequency component is bypassed through the by- 
pass capacitor Ci, thereby providing to the dis- 
charge lamp 10 the smoothed dc voltage. Also in 
the chopper mode defined within the period of Tdc 
(*3 - U) during which the first and fourth switching 

55 transistor Qi and Q4 is off, the third switching 
transislor Cfe is driven to turn on and off at the first 
frequency while the second switching transistor Cfe 
is kept turned on, thereby providing the smoothed 
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dc voltage of the opposite polarity in the like man- 
ner as above. 

In the inverter mode defined within the period 
T H f (k -t*). the first and fourth switching transistors 
Q, and Q» are driven to turn on and off at a 
second high frequency, which is lower than the first 
high frequency, in synchronism with one another 
and in an alternate manner with the second and 
third switching transistors Cb and O3 turning on 
and off in synchronism with one another, thus pro- 
viding the resulting high frequency alternating cur- 
rent to the discharge lamp 10 the high frequency 
alternating current. In the inverter mode defined 
within the period T H f (U - fc), these four transistors 
Qi to Ou are operated in the opposite manner to 
provide the like high frequency alternating current 
to the discharge lamp 10. The second frequency, 
at which the switching transistors Qi to CU are 
operated to provide the high frequency alternating 
current during the period T H f (fc - h and ** - %). is 
selected such as to cause a resonance in the 
series circuit of bypass capacitor C1 and inductor 
Li, enabling to apply a high voltage sufficient to 
operate the discharge lamp stably. Typical values 
for the components of the above circuit are, for 
instance, that Ct = 0.7 uF. Li = 0.1 mH when V1 
= 1 40 V and that Qi and Cb are driven to operate 
at 100 KHz in the chopper mode and at 30 KHz in 
the inverter mode. 

Modification of tenth embodiment <FlG. 27> 

The circuit of FIG. 25 of the tenth embodiment 
may be operated in accordance with a timing chart 
of FIG. 27 for providing the like composite lamp 
driving current to the discharge lamp. In this modi- 
fication which is identical to the tenth embodiment 
except for the switching operation in the chopper 
mode. That is, during the period Joe (ti - tj>), the 
first and fourth switching transistors Qi and Q* are 
driven to simultaneously turn on and off, and during 
the period Toe (t3 - U) the second and third switch- 
ing transistors Cb and Cb are driven to simulta- 
neously turn on and off. With this result, upon the 
simultaneous off of the paired transistors, the en- 
ergy stored in the inductor Li in the previous 
turning on of the switching transistors is allowed to 
flow back to the dc voltage Vi through the cor- 
responding two of the diodes D^ to D 4 . For exam- 
ple, when the switching transistors Qi and Q4 are 
simultaneously off after being turned on during the 
period Tqc of ti - fc, the inductor Li causes an 
instantaneous current to flow therefrom through di- 
ode D3, dc voltage source Vi, diode Cb, discharge 
lamp 10, and back to the inductor Li. And when 
the second and third switching transistors Cb and 
Cb are off after being turned on, the inductor Li 
acts to maintain the continuous flow of an instanta- 



neous current in opposite direction therefrom 
through discharge lamp 10 and bypass capacitor 
C1 , diode Di , dc voltage source Vi , diode D 4 and 
back to the inductor Li . 

5 

LIST OF REFERENCE NUMERALS 
10 

discharge lamp 
10 V, 

dc voltage source 
Qi -Q* 

switching transistors 
Ci 

75 bypass capacitor 
C 2 

blocking capacitor 
C 3 -Cs 
capacitor 
20 Li , U 
inductor 
T 

transformer 
Ui 

25 primary winding 
L22 

secondary winding 
la 

tamp current 
30 D1 - D 4 
diode 

Dm D12, D21, D22 
diode 

Dia, D 1B , D2A, D2B 
35 diode 
Vac 

ac voltage source 
FT 

filter circuit 
40 DB 

diode bridge 
CH 

chopper 
IV 

45 inverter 
Claims 

1. A discharge lamp driving circuit comprising: 
50 a dc (direct current) voltage source; 

chopper means comprising a first switch- 
ing circuit which is coupled to said dc voltage 
source to provide therefrom a periodically in- 
terrupted current and smooth the same for 
55 producing a smoothed dc current; 

inverter means comprising a second 
switching circuit which is coupled to said dc 
voltage source for producing therefrom a high 
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frequency alternating current; 

control means connected to said chopper 
means and said inverter means to apply to 
said discharge lamp a repeating cycle of a 
composite lamp driving current composed of 5 
said high frequency alternating current inter- 
rupted by said smoothed dc current; charac- 
terised by 

said chopper means and said inverter 
means having in their first and second switch- w 
ing circuits at least one common switching 
element. 

2. A discharge lamp driving circuit as set forth in 
claim 1, is 

wherein said chopper means is configured 
to apply said smoothed dc current while re- 
versing the polarity thereof from one cycle to 
the subsequent cycle of said composite lamp 
driving current. 20 

3. A discharge lamp driving circuit as set forth in 
claim 1, 

wherein the first switching circuit of said 
chopper means comprises said at least one 25 
common switching element (Qi.Cfe) which is 
coupled in series circuit with an inductor (U). 
said dc voltage source (Vi), and a parallel 
combination of said discharge lamp (10) and a 
bypass capacitor (C1 ), 30 

said switching element being driven to turn 
on and off at a first high frequency during a 
first period of time to produce said interrupted 
current which is smoothed by said first induc- 
tor (L t ) and is removed of its high frequency 35 
component by said bypass capacitor (Ci) in 
order to apply said smoothed dc current to 
said discharge lamp (10) within each cycle of 
said composite lamp driving current; 

the second switching circuit of said in- 40 
verter means comprising a pair of first and 
second switching elements (Qi.Cb) at least 
one of which is common to said first switching 
circuit, said first and second switching ele- 
ments being connected in circuit with a dc 45 
blocking capacitor (C2) and a transformer (T) 
with a primary winding (l_2i) and a secondary 
winding (L22) which is inserted in series rela- 
tion with said discharge lamp and in parallel 
relation with said bypass capacitor (C1 ); 50 

said first and second switching elements 
(Qi.Cb) being connected in series circuit 
across said dc voltage source with the series 
circuit of said dc blocking capacitor (C2) and 
the primary winding (Ui) being connected 55 
across one of said first and second switching 
elements (Qi.Cfe) to form therewith a series 
oscillating circuit; 



said first and second switching elements 
(Qi,Q2) being controlled to alternately turn on 
and off at a second high frequency during a 
second period of time alternating with said first 
period of time in order to provide a high fre- 
quency alternating current at said series os- 
cillating circuit as repeating to charge and dis- 
charge said dc blocking capacitor (C2), where- 
by inducing said high frequency alternating 
current in the circuit of said secondary winding 
(L22) and said discharge lamp (10) to provide 
said high frequency alternating current to said 
discharge lamp (10) within each cycle of said 
composite lamp driving current. 

4. A discharge lamp driving circuit as set forth in 
claim 1, wherein said first switching circuit of 
said chopper means comprises a single pair of 
first and second chopper switching elements 
(Qi.Cfc) and a pair of first and second capaci- 
tors (C3.CU) arranged in a half bridge configu- 
ration having its input ends connected across 
said dc voltage source and having its output 
ends connected across a series circuit of an 
inductor (Li) and a parallel combination of said 
discharge lamp (10) and a bypass capacitor 
(C1); 

one of said first and second chopper 
switching elements (Qi.Cfe) being controlled to 
repetitively turn on and off at a first high fre- 
quency while the other switching element is 
kept turned off during a first period of time in 
order to provide to said discharge lamp within 
each cycle of said composite lamp driving 
current the dc current which is smoothed by 
said inductor (Lt) and is removed of its high 
frequency component by said bypass capaci- 
tor (C1 ), said first and second chopper switch- 
ing elements (Qi.Cfe) being controlled to al- 
ternately turn off at said first high frequency 
with one of them being driven to repetitively 
turn on and off so as to change the polarity of 
said smoothed dc current applied to said dis- 
charge lamp (10) from one cycle to the subse- 
quent cycle of said composite lamp driving 
current; 

said second switching circuit of said in- 
verter means comprising a pair of first and 
second inverter switching elements (Q2.Q3) at 
least one of which is common to said first 
switching circuit, said first and second switch- 
ing elements being connected in circuit with a 
dc blocking capacitor (C2) and a transformer 
(T) with a primary winding (L21) and a secon- 
dary winding (L22) which is inserted in series 
relation with said discharge lamp (10) and in 
parallel relation with said bypass capacitor 
(C); 
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said first and second chopper switching 
elements (Qi.Cfc) being connected in series 
circuit across said dc voltage source with the 
series circuit of said dc blocking capacitor (C2) 
and the primary winding (L21) being connected 5 
across one of said first and second chopper 
switching elements to form therewith a series 
oscillating circuit; 

said first and second inverter switching 
elements being controlled to alternately turn on 10 
and off at a second high frequency during a 
second period of time alternating with said first 
period of time in order to provide a high fre- 
quency alternating current at said series os- 
cillating circuit as repeating to charge and dis- 75 
charge said dc blocking capacitor (C2), where- 
by inducing said high frequency alternating 
current in the circuit of said secondary winding 
(L22) and said discharge lamp (10) to provide 
said high frequency alternating current to said 20 
discharge lamp within each cycle of said com- 
posite lamp driving current. 

5. A discharge lamp driving circuit as set forth in 
claim 4, 25 

wherein said oscillating circuit includes 
first and second diodes (D1 ,D2); 

said first diode (Di) connected across said 
first switching element (Q1) in antiparallel rela- 
tion therewith to form a first bypass route for a 30 
first instantaneous current which is discharged 
from said primary winding (L21) immediately 
after the simultaneous turning off of said first 
and second switching elements (Qi.Cfe) occur- 
ring after said first and second switching ele- 35 
ments being simultaneously turned off and on, 
respectively, whereby allowing said first instan- 
taneous current to continuously flow through 
said oscillating circuit in one direction through 
said first bypass route; 40 

said second diode (D2) being connected 
across said second switching element (Cb) in 
antiparallel relation therewith to form a second 
bypass route for a second instantaneous cur- 
rent which is discharged from said primary 45 
winding (L21) immediately after the simulta- 
neous turning off of said first and second 
switching elements occurring after said first 
and second switching elements (Qi.Cb) being 
simultaneously turned on and off respectively, 50 
whereby allowing said second instantaneous 
current to continuously flow through said os- 
cillating circuit in the opposite direction 
through said second bypass route. 

55 

6. A discharge lamp driving circuit as set forth in 
claim 5, 

further including a diode network connect- 



ed in circuit between said first switching circuit 
of said chopper means and said second 
switching circuit of said inverter means in such 
a manner as to prevent said dc blocking ca- 
pacitor (C2) from repeating to be charged and 
discharges during the first period of time . 

7. A discharge lamp driving circuit as set forth in 
claim 1, 

wherein said first and second switching 
circuits commonly includes a pair of first and 
second switching elements (Q1.Q2) arranged in 
a bridge configuration having its input ends 
connected across said dc voltage source and 
having its output ends connected across a 
series circuit of an inductor (Li ) and a parallel 
combination of said discharge tamp (10) and a 
bypass capacitor (C1 ); 

one of said first and second switching ele- 
ments (Qi.Cb) being controlled to turn on and 
off at a first frequency with the other switching 
element (Q2) being kept turned off during a 
first period of time to provide to said series 
circuit a dc current which is smoothed by said 
inductor (Li) and is removed of its high fre- 
quency component by said bypass capacitor 
(C1) for feeding said smoothed dc current to 
said discharge lamp within each cycle of said 
composite lamp driving current; 

said first and second switching elements 
(Qi.Cfe) being controlled to alternately turn on 
and off during a second period of time alternat- 
ing with said first period of time in such a 
manner as to provide to said discharge lamp 
said high frequency alternating current with a 
second high frequency within each cycle of 
said composite lamp driving current. 

8. A discharge lamp driving circuit as set forth in 
claim 7, 

wherein said second high frequency is 
lower than said first high frequency at which 
said switching elements (Qi,Cb) are turned on 
and off for producing said smoothed dc current 
so that said high frequency alternating current 
at said second frequency is allowed to be 
substantially fed to said discharge lamp (10). 

9. A discharge lamp driving circuit as set forth in 
claim 1, 

wherein said first switching circuit of said 
chopper means comprises a pair of first and 
second switching elements (Qi.Cfe) and a pair 
of first and second capacitors (Ca.CO which 
are arranged in a half-bridge configuration hav- 
ing its input ends connected across said dc 
voltage source and having its output ends con- 
nected across a series circuit of an inductor 
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(Li) and a parallel combination of said dis- 
charge lamp (10) and a bypass capacitor (Ci); 

each one of said first and second switch- 
ing elements (Qt.Cb) being controlled to turn 
on and off at a first high frequency with the 
other switching element being kept turned off 
during a first period of time to provide to said 
series circuit a dc current which is smoothed 
by said inductor (L t ) and is removed of its high 
frequency component by said bypass capaci- 
tor (Ci) in order to provide said smoothed dc 
current to said discharge lamp (10) while re- 
versing the polarity thereof from one cycle to 
the subsequent cycle of said composite lamp 
driving current; 

said first and second switching elements 
(Qi.Cb) being controlled to turn on and off 
during a second period of time alternating with 
said first period of time to provide said high 
frequency alternating current with a second 
high frequency to said series circuit of said 
inductor (Li) and the parallel combination of 
said discharge lamp (10) and said bypass ca- 
pacitor (Ci); 

said second high frequency being lower 
than said first high frequency to such an extent 
that said second high frequency alternating 
current is supplied to said discharge lamp (10) 
within each cycle of said composite lamp driv- 
ing current while allowing said second high 
frequency component to be fed substantially to 
said discharge lamp without being substantially 
bypassed through said bypass capacitor (Ci ). 

Patentanspruche 

1. Entladungslampenbetriebsschaltung mit: 

- einer DC (Gleichstrom)-Spannungsquelle; 

- Zerhackermittel mit einem ersten Schalt- 
kreis, der mit der Gleichspannungsqueile 
zur Erzeugung eines periodisch unterbro- 
chenen Stromes aus dieser und zum 
Glatten des Stromes zur Erzeugung ei- 
nes geglatteten Gleichstroms verbunden 
ist; 

- Invertermitte! mit einem zweiten Schalt- 
kreis. der mit der Gleichspannungsqueile 
zur Erzeugung eines hochfrequenten 
Wechselstroms aus dieser verbunden ist; 

- Kontrollmittel, die mit den Zerhackermit- 
teln und den Invertermitteln verbunden 
sind, urn auf die Entladungslampe einen 
sich wiederholenden Zyklus eines zu- 
sammengesetzten Lampenbetriebs- 
stroms aufzubringen, der aus dem durch 
den geglatteten Gleichstrom unterbro- 
chenen hochfrequenten Wechselstrom 
besteht; dadurch gekennzeichnet daB 



- die Zerhackermittel und die Invertermittel 
in ihrem ersten Schaltkreis und in ihrem 
zweiten SchaKkreis wenigstens ein ge- 
meinsames Schaltelement aufweisen. 

5 

2. Entladungslampenbetriebsschaltung nach An- 
spruch 1, 

- wobei das Zerhackermittel dazu ausge- 
bildet ist, den geglatteten Gleichstrom 

70 unter Umkehren der Polaritat von einem 

Zyklus zu dem nachfolgenden Zyklus 
des zusammengesetzten Lampenbe- 
triebsstroms aufzubringen. 

75 3. Entladungslampenbetriebsschaltung nach An- 
spruch 1 , 

- wobei der erste Schaltkreis des Zerhak- 
kermittels wenigstens ein gemeinsames 
Schaltelement (Qi, Cfe) aufweist, das in 

20 einer Reihenschaltung mit einer Induktivi- 

tat (Li), der Gleichspannungsqueile (Vi) 
und einer Parallelkombi nation bestehend 
aus der Entladungslampe (10) und einer 
Uberbruckungskapazitat (Ci) gekoppelt 

25 ist, 

- - das Schaltelement betrieben wird, um 
mit einer ersten hohen Frequenz wah- 
rend einer ersten Zeitperiode ein- und 
auszuschalten, um einen unterbrochenen 

30 Strom zu erzeugen, der von der ersten 

Induktivitat (U) geglattet ist und dessen 
hochfrequente Komponente durch die 
Uberbruckungskapazitat (Ci) entfernt ist, 
um den geglatteten Gleichstrom auf die 

35 Entladungslampe (10) bei jedem Zyklus 

des zusammengesetzten Lampenbe- 
triebsstroms aufzubringen. 

- - der zweite Schaltkreis der Invertermit- 
tel ein Paar von ersten und zweiten 

40 Schaltelementen (d, Cb) aufweist, von 

denen wenigstens eines auch dem er- 
sten Schaltkreis zugehorig ist, wobei er- 
ste und zweite Schaltelemte in der 
Schaltung mit einer die Gleichspannung 

45 blockierenden Kapazitat (C2) und einen 

Transformator T mit einer Prima rwick- 
lung (L21) und einer Sekundarwicklung 
(l_22), die in Reihe mit der Entladungs- 
lampe und parallel zu der Uberbruk- 

50 kungs-Kapazitat (Ci) geschaltet ist, ver- 

bunden sind; 

- - das erste Schaltelement (Q1 ) und das 
zweite Schaltelement (Q2) in Reihens- 
chaltung uber die Gleichspannungsqueile 

55 geschaJtet sind, wobei die Reihenschal- 

tung bestehend aus der die Gleichspan- 
nung blockenden Kapazitat {C2) und der 
Primarwicklung (L21) uber das erste 
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Schaltelement (Qi) Oder das zweite 
Schaltelement ((h) verbunden ist. um mit 
diesem einen Reihenschwingkreis zu bil- 
den; 

- - das erste Schaltelement (Qi ) und das 5 
zweite Schaltelement (Cfe) gesteuert wer- 
den, um mit einer zweiten hohen Fre- 
quenz wahrend einer zweiten Zeitdauer, 
die mit der ersten Zeitdauer abwechselt 
altemierend ein- und auszuschalten, um io 
einen hochfrequenten Wechselstrom an 
dem Reihenschwingkreis zu erzeugen, 
so daB die die Gleichspannung blocken- 
de Kapazitat (C2) wiederholt geladen und 
entladen wird, wodurch der hochfrequen- ;5 
te Wechselstrom in die Schaltung beste- 
hend aus der Sekundarwicklung (L22) 
und der Entladungslampe (10) induziert 
wird, um den hochfrequenten Wechsel- 
strom der Entladungslampe (10) in jedem 20 
Zyklus des zusammengesetzten Lam- 
penbetriebsstroms zu fuhren. 

Entladungslampenbetriebsschaltung nach An- 
spruch 1, 25 

- wobei der erste Schaltkreis der Zerhak- 
kermittel ein einziges Paar bestehend 
aus einem ersten Zerhackerschaltele- 
ment (Qi ) und einem zweiten Zerhacker- 
schaltelement (Q2) und einem Paar be- 30 
stehend aus einer ersten Kapazitat (C3) 

und einer zweiten Kapazitat (C4), die in 
einer Halbbruckenausbildung angeordnet 
sind, deren Eingangsanschlusse uber die 
Gleichspannungsquelle verbunden sind 35 
und deren Ausgangsenden uber eine 
Reihenschaltung bestehend aus einer In- 
duktivitat (Li) und einer Parallelkombina- 
tion der Entladungslampe (10) und einer 
Oberbruckungskapazitat (Ci) verbunden 40 
sind, aufweist, 

- entweder das erste Zerhackerschaltele- 
ment (Qi) Oder das zweite Zerhacker- 
schaltelement (Q2) gesteuert wird, um 

mit einer ersten hohen Frequenz wieder- 45 
holend ein- und auszuschalten, wahrend 
das andere Schaltelement wahrend einer 
ersten Zeitdauer ausgeschaltet bleibt, um 
die Entladungslampe wahrend jedes Zy- 
klus des zusammengesetzten Lampenbe- 50 
triebsstroms mit einem Gleichstrom zu 
versorgen, der von der Induktivitat (Li) 
geglattet ist und von dem die Hochfre- 
quenzkomponente durch die Uberbruk- 
kungskapazitat (Ci ) entfernt ist, das erste 55 
Zerhackerschaltelement (Qi) und das 
zweite Zerhackerschaltelement (Cfe) ge- 
steuert werden, um altemierend ausge- 



schaltet werden, wobei das eine von ih- 
nen betrieben ist, um wiederholt ein- und 
auszuschalten wird, um so die Polaritat 
des auf die Entladungslampe (10) von 
einem Zyklus zu dem nachfolgenden Zy- 
klus des zusammengesetzten Lampenbe- 
triebsstroms aufgebrachten geglatteten 
Gleichstroms zu andern, 

- der zweite Schaltkreis der Invertermittel 
ein Paar von ersten Inverterschaltelemen- 
ten (Q2) und zweiten Inverterschaltele- 
menten (Q3), von denen wenigstens ei- 
nes mit dem ersten Schaltkreis gemein- 
sam ist, aufweist. wobei das erste und 
das zweite Schaltelement im Schaltkreis 
mit einer Gleichspannungs-Blockkapazi- 
tat (C2) verbunden sind und einen Trans- 
formator (T) mit einer Primarwicklung 
(L21) und einer Sekundarwicklung (U2) 
die in Reihe mit der Entladungslampe 
(10) und parallel mit der Oberbruckungs- 
kapazitat (Ci ) geschaltet ist, aufweisen; 

- - das erste Zerhackerschaltelement 
(Qi) und das zweite Zerhackerschaltele- 
ment (Q2) in Reihe uber der Gleichspan- 
nungsquelle mit der Reihenschaltung be- 
stehend aus der Gleichspannungs-Block- 
kapazitat (C2) und der Primarwicklung 
(L21) uber das erste Oder das zweite 
Zerhackerschaltelement geschaltet sind, 
um mit diesem einen Reihenschwing- 
kreis zu bilden; 

- - das erste und das zweite Inverter- 
schaltelement gesteuert werden, um mit 
einer zweiten hohen Frequenz wahrend 
eines zweiten Zeitraums, der mit dem 
ersten Zeitraum abwechselt, altemierend 
ein- und auszuschalten, um einen hoch- 
frequenten Wechselstrom an dem Rei- 
henschwingkreis zu erzeugen, so daB 
eine Ladung und Entiadung der Gleich- 
spannungs-Blockkapazitat (C2) wieder- 
holt entsteht, wodurch ein hochfrequenter 
Wechselstrom in dem Schaltkreis beste- 
hend aus der Sekundarwicklung (L22) 
und der Entladungslampe (10) induziert 
wird, um den hochfrequenten Wechsel- 
strom bei jedem Zyklus des zusammen- 
gesetzten Lampenbetriebsstroms an die 
Entladungslampe anzulegen. 

5. Entladungslampenbetriebsschaltung nach An- 
spruch 1, wobei der Schwingkreis erste und 
zweite Dioden (Di, D2) aufweist; 

- die erste Diode (D1) uber dem ersten 
Schaltelement (Qi ) antiparallel zu diesem 
geschaltet ist, um einen Uberbruckungs- 
weg fiir einen ersten auftretenden Strom 
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zu schaffen, der von der Primarwicklung 
(Ui) entladen wird unmittelbar nach dem 
gleichzeitigen Ausschalten des ersten 
und des zweiten Schaltelements (Qi, 
Cb). der auftritt. nachdem das erste und 5 
das zweite Schaltelement gleichzeite 
aus- bzw. eingeschaltet worden sind, wo- 
durch ein erster auftretender Strom konti- 
nuieriich durch den Schwingkreis in einer 
Richtung durch den ersten Uberbruk- io 
kungsweg flieBen kann; 

- die zweite Diode (D2) uber dem zweiten 
Schaltelement (Cb) antiparallel mit dieser 
liegt, um einen zweiten Uberbruckungs- 

weg fiir einen zweiten auftretenden 75 
Strom zu schaffen, der von der Primar- 
wicklung (Ut) unmittelbar nach dem 
gleichzeitigen Ausschalten des ersten 
und des zweiten Schaltelements entladen 8. 
wird. auftretend nachdem das erste und 20 
das zweite Schaltelement (Q1, Cb) 
gleichzeitig ein- bzw. ausgeschaltet wor- 
den sind, wodurch ein zweiter auftreten- 
der Strom kontinuierlich durch den 
Schwingkreis in entgegengesetzter Rich- 25 
tung durch den zweiten Uberbruckungs- 
weg flieBt. 

6. Entladungslampenbetriebsschaitung nach An- 

spruch 5, 30 9. 

weiter mit einem Diodennetzwerk, das in ei- 

nem Schaltkreis zwischen dem ersten Schalt- 

kreis der Zerhackermittel und dem zweiten 

Schaltkreis der Invertermittel derart geschaltet 

ist, um ein wiederholtes Laden und Entladen 35 

der Gleichspannungs-Blockkapazitat (C 2 ) wah- 

rend des ersten Zeitraums zu verhindern. 

7. Entladungslampenschaltkreis nach Anspruch 1 , 
wobei der erste und der zweite Schaltkreis 40 
gemeinsam ein Paar von ersten und zweiten 
Schaftelementen (Ch , Cb) aufweisen, die in ei- 
ner Bruckenschaltung angeordnet sind und de- 

ren Eingangsanschlusse iiber die Gleichspan- 
nungsquelle verbunden sind und deren Aus- 45 
gangsenden uber eine Reihenschaltung beste- 
hend aus einer Induktivitat und einer Parallel- 
kombination der Entladungslampe (10) und ei- 
ner Uberbruckungskapazitat (Ci) verbunden 
sind; 50 

- das erste Schaltelement (Q1) Oder das 
zweite Schaltelement (Cb) gesteuert wird, 
um mit einer ersten Frequenz ein- und 
auszuschatten, wobei das andere Schalt- 
element (Cb) ausgeschaltet bleibt, wan- 55 
rend einer ersten Zeitdauer, um der Rei- 
henschaltung einen Gleichstrom zuzufuh- 

ren, der durch die Induktivitat (Li ) geglat- 



tet ist und dessen Hochfrequenzkompo- 
nente von der Uberbruckungskapazitat 
(Ci) entfernt worden ist, um den geglat- 
teten Gleichstrom zu der Entladungslam- 
pe bei jedem Zyklus des zusammenge- 
setzten Lampenbetriebsstroms zuzufuh- 
ren; 

- das erste Schaltelement (Qi) und das 
zweite Schaltelement (Cb) gesteuert sind, 
um aiternierend wahrend eines zweiten 
Zeitraums, der sich mit dem ersten Zeit- 
raum abwechselt, ein- und auszuschal- 
ten, um so die Entladungslampe mit dem 
hochfrequenten Wechselstrom mit einer 
zweiten hohen Frequenz wahrend jedes 
Zyklus des zusammengesetzen Lampen- 
betriebsstroms zu versorgen. 

Entladungslampenbetriebsschaltung nach An- 
spruch 1 , 

wobei die zweite hohe Frequenz geringer ist 
als die erte hohe Frequenz, mit der die Schalt- 
elemente (Qi, Cb) ein- und ausgeschaltet wor- 
den sind, um den geglatteten Gleichstrom zu 
erzeugen, so daB der hochfrequente Wechsel- 
strom mit der zweiten Frequenz im wesentli- 
chen zu der Entladungslampe (10) gefuhrt wer- 
den kann. 

Entladungslampenbetriebsschaltung nach An- 
spruch 1, 

wobei der erste Schaltkreis der Zerhackermittel 
ein Paar von ersten und zweiten Schaltelemen- 
ten (Qi.Cb) und ein Paar von ersten und zwei- 
ten Kapazitaten (C3, C4) aufweist, die in einer 
Halbbruckenschaltung angeordnet sind, deren 
Eingangsanschlusse uber die Gleichspan- 
nungsquelle verbunden sind und deren Aus- 
gangsanschliisse iiber eine Reihenschaltung 
bestehend aus einer Induktion und einer Paral- 
lelkombination bestehend aus der Entladungs- 
lampe (10) und einer Uberbruckungskapazitat 
(Ci) geschaltet sind; 

- sowohl das erste als auch das zweite 
Schaltelement (Qt, Q2) gesteuert wird, 
um mit einer ersten hohen Frequenz ein- 
und auszuschalten, wobei das andere 
Schaltelement ausgeschaltet bleibt, wah- 
rend einer ersten Zeitperiode, um die 
Reihenschaltung mit einem Gleichstrom 
zu versorgen, der von der Induktivitat 
(Li) geglattet ist und dessen Hochfre- 
quenzkomponente von der Uberbruk- 
kungskapazitat (Ci) entfernt ist, um den 
geglatteten Gleichstrom fiir die Entla- 
dungslampe (10) zu schaffen, wahrend 
deren Polaritat von einem Zyklus zu dem 
nachfolgenden Zyklus des zusammenge- 
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setzten Lampenbetriebsstrom umgekehrt 
wird; 

- das erste Schaltelement (Qi) und das 
zweite Schaltelement (Cfe) gesteuert wer- 
den, urn wahrend eines zweiten Zeit- 
raums, der mit dem ersten Zeitraum al- 
temiert, ein- und auszuschalten, urn den 
hochfrequenten Wechselstrom mit einer 
Zweiten hohen Frequenz fur die Reihens- 
chaltung aus der Induktion (Li) und der 
Parallelkombination aus der Entladungs- 
lampe (10) und der Uberbruckungskapa- 
zitat (Ci) zu schaffen; 

- die zweite hohe Frequenz in einem sol- 
chen MaBe geringer geringer als die er- 
ste hohe Frequenz ist. dafi der zweite 
hochfrequente Wechselstrom bei jedem 
Zyklus des zusammengesetzten Lam- 
penbetriebsstrom zu der Entladungslam- 
pe (10) geliefert wird. wahrend zugelas- 
sen wird, daB die zweite hochfrequente 
Komponente im wesentlichen ohne er- 
hebliche Uberbruckung durch die Uber- 
bruckungskapazitat (Ci) zu der Entla- 
dungslampe gefuhrt wird. 

Revendications 

1. Circuit de commande de lampe a decharge. 
comprenant: 

une source de tension continue (courant 
continu); 

un moyen decoupeur, comprenant un pre- 
mier circuit de commutation qui est couple a 
ladite source de tension continue pour produi- 
re, a parti r de cette derniere, un courant peVio- 
diquement interrompu et le lisser pour produire 
un courant continu Iiss6; 

un moyen onduleur, comprenant un se- 
cond circuit de commutation qui est couple* a 
ladite source de tension continue, pour produi- 
re, a partir de cette derniere, un courant alter- 
natif a frequence eievee; 

un moyen de commande relie audit moyen 
decoupeur et audit moyen onduleur, pour ap- 
pliquer a ladite lampe a charge un cycle 
repete de courant composite de commande de 
lampe, constitue* dudit courant alternatif a fre- 
quence eievee interrompu par ledit courant 
continu Iiss6; 

caracterise par le fait que : 

ledit moyen decoupeur et ledit moyen on- 
duleur prSsentent au moins un element de 
commutation commun dans leurs premier et 
second circuits de commutation. 

2. Circuit de commande de lampe a decharge 
selon la revendication 1, dans lequel ledit 



moyen decoupeur est configure pour appliquer 
ledit courant continu lisse\ tout en inversant sa 
polarite* d'un cycle au cycle suivant dudit cou- 
rant composite de commande de lampe. 

5 

3. Circuit de commande de lampe a decharge 
selon la revendication 1, dans lequel le pre- 
mier circuit de commutation dudit moyen d6- 
coupeur comprend ledit au moins un element 

io de commutation commun (Qi, Cfe). qui est un 

circuit couple* en serie avec une bobine d' 
induction (Li), ladite source de tension conti- 
nue (Vi ) et une combinaison parallele de ladite 
lampe a decharge (10) et d'un condensateur 

75 de decouplage (Ci), 

ledit eM6ment de commutation etant com- 
mande* pour etre passant et §tre bloque a une 
premiere frequence eievee, durant une premie- 
re periode de temps, pour produire ledit cou- 

20 rant interrompu qui est lisse par ladite premie- 

re bobine deduction (Li) et dont la compo- 
sante a frequence eievee est supprim^e par 
ledit condensateur de decouplage (Ci ), en vue 
d'appliquer ledit courant continu lisse* a ladite 

25 lampe a decharge (10), lors de chaque cycle 

dudit courant composite de commande de 
lampe, 

le second circuit de commutation dudit 
moyen onduleur comprenant un premier cou- 

30 pie de premier et second elements de commu- 

tation (Qi , Q 2 ), dont au moins Tun est commun 
audit premier circuit de commutation, lesdits 
premier et second elements de commutation 
etant relies en circuit a un condensateur de 

35 blocage de courant continu (C2) et un transfor- 

mateur (T), comportant un enroulement primai- 
re (Lai ) et un enroulement secondaire (U2), 
qui est insure* en serie avec ladite lampe a 
decharge et en parallele par rapport audit 

40 condensateur de decouplage (Ci), 

lesdits premier et second elements de 
commutation (Qi, Q2), relies en serie, etant 
relies aux bornes de ladite source de tension 
continue, le circuit serie forme dudit condensa- 

45 teur de blocage de courant continu (C2) et de 

('enroulement primaire (L21) etant relie aux 
bornes de Tun desdits premier et second ele- 
ments de commutation (Qi, Q2), pour former 
avec lui un circuit oscillant serie, 

50 lesdits premier et second elements de 

commutation (Qi, Q 2 ) etant commandes pour 
etre alternativement passants et bloques a une 
seconde frequence eievee, durant une secon- 
de periode de temps, alternant avec ladite 

55 premiere periode de temps, en vue de produi- 

re un courant alternatif a frequence eievee sur 
ledit circuit oscillant serie, de fagon repetee 
pour charger et decharger ledit condensateur 
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de blocage de courant continu (C2), de manie- 
re a tnduire (edit courant aiternatif a frequence 
S levee dans le circuit forme" par ledit enroule- 
ment secondaire (U2) et ladite lampe a de- 
charge (1 0), pour foumir ledit courant aiternatif 5 
a frequence elevee a ladite lampe a decharge 
(10) lors de chaque cycle dudit courant com- 
posite de commando de lampe. 

Circuit de com m and e de lampe a decharge 10 
selon la revendication 1 , dans lequel ledit pre- 
mier circuit de commutation dudit moyen d£- 
coupeur comprend un seul couple de premier 
et second elements de commutation de decou- 
peur (Qi, Q2) et un couple de premier et 15 
second condensateurs (C3, CU), agences selon 
une configuration en demi-pont dont les extrS- 
mitSs d'entrSe sont relives aux bornes de ladi- 
te source de tension continue et dont les extrS- 
mites de sortie sont relives aux bornes d'un 20 
circuit sene constitue d'une bobine d'induction 
(U ) et d'une combinaison parallele entre ladite 
lampe a decharge (10) et un condensateur de 
dScouplage (C1 ), 

Tun desdits premier et second elements 25 
de commutation de dScoupeur (Q,, Q 2 ) £tant 
command^ pour dtre rSpStitivement passant et 
bloquS a une premiere frequence SlevSe, tan- 
dis que I'autre element de commutation reste 
bloqu§ durant une premiere peViode de temps. 30 
en vue de foumir a ladite lampe a decharge. 
lors de chaque cycle dudit courant composite 
de commande de lampe, le courant continu qui 
est lisse" par ladite bobine d'induction (U) et 
dont la composante a frequence elevee est 35 
supprimSe par ledit condensateur de dScoupia- 
ge (C1 ), lesdits premier et second § laments de 
commutation de dScoupeur (Qi, Q2) Stant 
commandos pour se bloquer altemativement a 
ladite premiere frequence SlevSe, Tun d'entre 40 
eux Stant commande pour etre atternativement 
passant et bloque\ de maniere a faire varier la 
polarity dudit courant continu lisse appliquS a 
ladite lampe a decharge (10), d'un cycle au 
cycle suivant dudit courant composite de com- 45 
mande de lampe, 

ledit second circuit de commutation dudit 
moyen onduleur comprenant un couple de pre- 
mier et second elements de commutation 
d'onduleur (Cb. Qa), dont au moins Tun est 50 
commun audit premier circuit de commutation, 
lesdits premier et second SlSments de commu- 
tation Stant relies a un condensateur de bloca- 
ge de courant continu (C2) et a un transforma- 
teur (T), comportant un enroulement primaire 55 
(Ui) et un enroulement secondaire (1.22), qui 
est insSrS en se>ie avec ladite lampe a dechar- 
ge (10) et en parallele par rapport audit 



condensateur de decouplage (Ci), 

lesdits premier et second elements de 
commutation de dScoupeur (Qi. Cb), relics en 
serie. etant relies aux bornes de ladite source 
de tension continue, le circuit sSrie forme dudit 
condensateur de blocage de courant continu 
(C2) et ce I'enroulement primaire (Ui) Stant 
reliS aux bornes de Tun desdits premier et 
second elements de commutation de dScou- 
peur, pour former avec lui un circuit oscillant 
seVie, 

lesdits premier et second SISments de 
commutation d'onduleur etant commandos 
pour etre altemativement passants et bloquSs 
a une seconde frequence elevSe, durant une 
seconde pSriode de temps alternant avec ladi- 
te premiere peViode de temps, en vue de pro- 
duce un courant aiternatif a frequence SlevSe 
sur ledit circuit oscillant serie, de facon rSpe- 
t£e pour charger et dScharger ledit condensa- 
teur de blocage de courant continu (C2), de 
maniere a induire ledit courant aiternatif a fre- 
quence SlevSe dans le circuit forme* dudit en- 
roulement secondaire (L22) et de ladite lampe 
a decharge (10). pour fournir ledit courant ai- 
ternatif a frequence SlevSe a ladite lampe a 
decharge lors de chaque cycle dudit courant 
composite de commande de lampe. 

5. Circuit de commande de lampe a decharge 
selon la revendication 4, dans lequel ledit cir- 
cuit oscillant comprend des premiere et secon- 
de diodes (D1 , D2), 

ladite premiere diode (Di) Stant relive aux 
bornes dudit premier £ lament de commutation 
(Qi), en antiparallele sur lui, pour former un 
premier chemin de derivation pour un premier 
courant instantanS s'Scoulant dudit enroule- 
ment primaire (L21), immSdiatement apres le 
blocage simultanS desdits premier et second 
elements de commutation (Qi, Q 2 ) se produi- 
sant apres les mises simultanSes aux Stats 
respectivement bloque et passant desdits pre- 
mier et second SISments de commutation, ce 
qui permet audit premier courant instantanS de 
s'Scouler de facon continue dans ledit circuit 
oscillant. dans une direction suivant ledit pre- 
mier chemin de derivation, 

ladite seconde diode (D2) Stant reliee aux 
bornes dudit second SISment de commutation 
(Q2). en antiparallele sur lui, pour former un 
second chemin de derivation pour un second 
courant instantanS s'Scoulant dudit enroule- 
ment primaire (L21), immSdiatement apres le 
blocage simultanS desdits premier et second 
SlSments de commutation se produisant apres 
les mises simultanSes aux Stats respective- 
ment passant et bloquS desdits premier et 
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second elements de commutation (Q1, Q2). ce 
qui permet audit second courant instantane de 
s'6couler de fagon continue dans ledit circuit 
oscillant. dans la direction opposee suivant le- 
dit second chemin de derivation. 5 

6. Circuit de com man de de lampe a decharge 
seion la revendication 5, comprenant en outre 
un r^seau de diodes branche* entre ledit pre- 
mier circuit de commutation dudit moyen d§- w 
coupeur et ledit second circuit de commutation 
dudit moyen onduleur de maniere a empecher 
ledit condensateur de blocage de courant 
continu (C2) d'etre r6p6titivement charge et 
decharg6 durant la premiere periods de temps. 75 

7. Circuit de commande de lampe a decharge 
selon la revendication 1, dans lequel lesdits 
premier et second circuits de commutation 
comprennent en commun un couple de pre- 20 
mier et second elements de commutation (Q1 , 

Q2) agence* selon une configuration de pont 
dont les extremites d'entree sont relives aux 
bornes de ladite source de tension continue et 
dont les extremitSs de sortie sont reliees a un 25 
circuit serie constitud d'une bobine deduction 
(Li ) et d'une combinaison paralleie entre ladite 
lampe a decharge (10) et un condensateur de 
dScouplage (Cv), 

Tun desdits premier et second Elements 30 
de commutation (Q1, Q2) etant commande 
pour etre passant et bloque a une premiere 
frequence, I'autre element de commutation 
(Q2) etant maintenu bloque durant une premie- 
re periode de temps, pour fournir audit circuit 35 
serie un courant continu qui est lisse* par ladite 
bobine d'induction (L1) et dont la composante 
a frequence eievee est supprimee par ledit 
condensateur de dicouplage (C1 ), pour fournir 
ledit courant continu lisse" a ladite lampe a aq 
decharge lors de chaque cycle dudit courant 
composite de commande de lampe, 

lesdits premier et second elements de 
commutation (Q1, Q2) etant commandos pour 
produire et se bloquer alternativement durant 45 
une seconde pe>iode de temps, alternant avec 
ladite premiere periode de temps, de maniere 
a fournir a ladite lampe a decharge ledit cou- 
rant alternatif a frequence elev^e, ayant une 
seconde frequence eievee, lors de chaque cy- 50 
cle dudit courant composite de commande de 
lampe. 

&. Circuit de commande a decharge selon la re- 
vendication 7, dans lequel ladite seconde fr6- 55 
quence eievee est infeVieure a ladite premiere 
frequence eiev6e, selon laquelle lesdits ele- 
ments de commutation (Qi, Cfe) sont mises a 



retat passant et a retat bloque pour produire 
ledit courant continu lisse\ ce qui permet audit 
courant alternatif a frequence eievee a ladite 
seconde frequence d'etre globalement amene 
a ladite lampe a decharge (10). 

9. Circuit de commande de lampe a decharge 
seion la revendication 1, dans lequel ledit pre- 
mier circuit de commutation dudit moyen d6- 
coupeur comprend un couple de premier et 
second elements de commutation (d, Cfe) et 
un couple de premier et second condensateurs 
(C 3i C*), agences selon une configuration en 
demi-pont, dont les extremites d'entree sont 
reliees aux bornes de ladite source de tension 
continue et dont les extremites de sortie sont 
reliees aux bornes d'un circuit sene constitu£ 
d'une bobine d'induction (Li) et d'une combi- 
naison paralleie entre ladite lampe a decharge 
(10) et un condensateur de d£couplage (Ci), 

chacun desdits premier et second ele- 
ments de commutation (Qi f Cb) etant com- 
mande pour etre passant et bloque a une 
premiere frequence eievee, tandis que I'autre 
element de commutation est maintenu bloque* 
durant une premiere periode de temps, pour 
fournir audit circuit serie un courant continu qui 
est lisse par ladite bobine d'induction (U) et 
dont la composante a frequence eievee est 
supprimee par ledit condensateur de decoupla- 
ge (C1 ) t en vue de fournir ledit courant continu 
lisse* a ladite lampe a decharge (10), tout en 
inversant sa polarite d'un cycle au cycle sui- 
vant dudit courant composite de commande de 
lampe, 

lesdits premier et second elements de 
commutation (Qi , Q2) etant commandes pour 
conduire et se bloquer durant une seconde 
periode de temps alternant avec ladite premie- 
re periode de temps, pour fournir ledit courant 
alternatif a frequence eievee, a une seconde 
frequence eievee, audit circuit serie constitue 
de ladite bobine d'induction (U) est de la 
combinaison paralleie entre ladite lampe a de- 
charge (10) et ledit condensateur de decoupla- 
ge (C1). 

ladite seconde frequence eievee etant inte- 
rieure a ladite premiere frequence eievee. 
d'une valeur telle que ledit courant alternatif a 
seconde frequence eievee est fourni a ladite 
lampe a decharge (10) lors de chaque cycle 
dudit courant composite de commande de 
lampe, tout en permettant a ladite composante 
a seconde frequence eievee d'etre globale- 
ment fournie a ladite lampe a decharge, sans 
etre sensiblement deviee par ledit condensa- 
teur de decouplage (Ci). 
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